The basolateral amygdala (BLA) modulates memory, particularly for arousing or emotional events, during post-training periods of consolidation. It strengthens memories whose substrates in part or whole are stored remotely, in structures such as the hippocampus, striatum and cerebral cortex. However, the mechanisms by which the BLA influences distant memory traces are unknown, largely because of the need for identifiable target mnemonic representations. Associative tuning plasticity in the primary auditory cortex (A1) constitutes a well-characterized candidate specific memory substrate that is ubiquitous across species, tasks and motivational states. When tone predicts reinforcement, the tuning of cells in A1 shifts toward or to the signal frequency within its tonotopic map, producing an over-representation of behaviorally important sounds. Tuning shifts have the cardinal attributes of forms of memory, including associativity, specificity, rapid induction, consolidation and long-term retention and are therefore likely memory representations. We hypothesized that the BLA strengthens memories by increasing their cortical representations. We recorded multiple unit activity from A1 of rats that received a single discrimination training session in which two tones (2.0 s) separated by 1.25 octaves were either paired with brief electrical stimulation (400 ms) of the BLA (CS+) or not (CSÀ). Frequency response areas generated by presenting a matrix of test tones (0.5-53.82 kHz, 0-70 dB) were obtained before training and daily for 3 weeks post-training. Tuning both at threshold and above threshold shifted predominantly toward the CS+ beginning on Day 1. Tuning shifts were maintained for the entire 3 weeks. Absolute threshold and bandwidth decreased, producing less enduring increases in sensitivity and selectivity. BLA-induced tuning shifts were associative, highly specific and long-lasting. We propose that the BLA strengthens memory for important experiences by increasing the number of neurons that come to best represent that event. Traumatic, intrusive memories might reflect abnormally extensive representational networks due to hyper-activity of the BLA consequent to the release of excessive amounts of stress hormones.
Introduction
The mechanisms underlying the strength and persistence of memory constitute fundamental issues in neuroscience. It is well known that emotionally arousing experiences generally create strong, long-lasting memories (McGaugh, 2003) . Arousal-induced release of the adrenal hormones epinephrine and cortisol (corticosterone in rats) plays a critical role in modulating the consolidation of memories (McGaugh, 1989 (McGaugh, , 2000 McGaugh & Roozendaal, 2009 ). For example, human memory is enhanced by post-learning administration of epinephrine or stimulation that induces the release of epinephrine (Cahill & Alkire, 2003; Cahill, Gorski, & Le, 2003) . Similarly, post-training systemic administration of epinephrine or corticosterone to rats strengthens memory in many types of tasks (McGaugh, 2002 (McGaugh, , 2004 . Additionally, administration of b-adrenoceptor antagonists block the enhancing effects of emotional arousal on memory in both humans and rats (Cahill, Prins, Weber, & McGaugh, 1994; McGaugh, 2004; McGaugh & Roozendaal, 2002) .
Several lines of evidence have implicated the basolateral amygdala (BLA) in the modulation of memory strength. For example, adrenal stress hormones influence memory that involves noradrenergic activation of the amygdala (McGaugh, 2004) . Lesions or pharmacological inactivation of the BLA block the memory enhancing effects of peripherally administered epinephrine and corticosterone (Roozendaal & McGaugh, 1996) . The release of norepinephrine (NE) within the BLA plays a critical role in modulating memory consolidation. Intra-BLA administration of b-adrenoceptor antagonists blocks the effects of epinephrine and corticosterone on memory (Quirarte, Roozendaal, & McGaugh, 1997; Roozendaal et al., 2006) and post-training intra-BLA infusions of NE, as well as
